Micro-grid smooth switchover between different operation modes is important for steady operation and reliable power supply of micro-grid. In order to reduce the transient fluctuation of voltage and frequency during switchover, this paper proposed a new switchover method based on controller state following. When transferring to island mode, the control method for inverter of storage device changed from PQ control to V/f control. Before switchover, the output of V/f controller is always following the output of PQ controller. So that the sudden change of output is avoided at the moment of switchover. A micro-grid model with photovoltaic and battery is built on DIgSILENT Power Factory simulation software, to simulate micro-grid switchover from grid-connected mode to island mode. Results show this method can effectively suppress the transient fluctuation of voltage and frequency, and reduce the influence of transient process on power grid. This conclusion has important practical significance on micro-grid smooth switchover from grid-connected mode to island mode.
Introduction
As fossil fuel supply becomes steadily tighter and electricity demand continues to grow, distributed generation technology based on renewable energy are beginning to attract wide attention. Distributed generation will undoubtedly be strong complement and effective support to bulk power grids, and be a trend of future power system development [1] [2] . To give full play to the advantages of distributed power generation technology, one or more distributed power (DG), energy storage device and controllable load form a micro-grid according to certain topological structure. Grid-connected mode is when micro-grid is connected to the main grid and island mode is when micro-grid is isolated from the main grid. Both are normal operation status of micro-grid. Proper control strategy is key to the steady operation of micro-grid [3] [4] . Micro-grid smooth switchover between gridconnected mode and island mode is the emphasis and difficulty of micro-grid control strategy research and is important for steady operation and reliable power supply of micro-grid.
At present, many experts and scholars at home and abroad have studied on the smooth switchover control strategy of micro-grid. In [5] takes the integrated energy storage device composed of super capacitor and battery as the main power supply during the island mode of micro-grid, where proper control of charge and discharge of the integrated device can realize smooth switchover of micro-grid. In [6] a bi-directional inverter is used to switch the control method of storage device changed from PQ control to V/f control, stabilizing voltage and frequency of micro-grid in island mode and realizing smooth switchover between two operation modes. It is the common smooth switchover strategy. However, this strategy neglects the non-synchronization of controller switchover and mode switchover, and will easily cause overshoot current and voltage fluctuation during the switch process. To avoid this situation, a voltage and current weighted control strategy without increasing system complexity is presented in [7] , achieving seamless switchover, but power shortage in the process of switchover from grid-connected mode to island mode is not considered.
In the process of mode switchover especial the switch moment, the non-synchronization of controller switchover and mode switchover as well as unbalanced power between DGs and loads may lead to large fluctuation of voltage and current, causing negative impacts on micro-grid stable operation. Moreover, serious consequences like frequency instability and voltage collapse might happen. In order to decrease transient fluctuation of voltage and frequency in the process of switchover, this paper proposed a micro-grid smooth switchover method based on controller state following and built a micro-grid model on DIgSILENT Power Factory simulation software to verify the effectiveness of proposed method. Figure 1 shows the micro-grid configuration of study case. Photovoltaic and battery as distributed generators access to 10 kV grid through inverters and transformers, and supply power to loads in micro-grid. Load C and Load D are linked to low voltage side of 0.4 kV, and are supplied by photovoltaic and battery directly. In gridconnected mode, the control method for inverters of photovoltaic and battery is PQ control and DGs generate rated power. Voltage and frequency of micro-grid is supported by the grid. When micro-grid disconnects from the grid and transfers to island mode, the control method for inverters of battery changes from PQ control to V/f control and that of photovoltaic maintains the same. At the moment, loads in micro-grid are only supplied by DGs and battery provides support of voltage and frequency for micro-grid as main power source. 
Control Strategy of Micro-Grid

Micro-Grid Configuration
Control Modes for DGs
PQ control diagram and V/f control diagram are as given in Figure 2 and Figure 3 respectively [8] . PQ control takes dual-loop control structure. The internal loop is power control, which ensures power output always tracking reference power. The inner loop is current PI control, which controls the pulse width modulated signal of inverter. V/f control has a multi-loop feedback control structure including power loop, voltage loop and current loop. The current loop takes d-axis reference current i dref and q-axis reference current i qref from power loop and voltage loop respectively. In power loop, the reference active power follows the change of frequency. V/f control can adjust the reference power of DGs according to the voltage and frequency of micro-grid. Figure 4 shows the traditional switch method of the controllers of battery inverter when micro-grid transfers from grid-connected mode into island mode. During grid-connected mode, K 1 is closed and K 2 is open. The battery takes PQ control mode. When micro-grid disconnects with the grid, K 1 opens and K 2 closes, so the control mode switches into V/f mode. The generated reference current i dref , i qref becomes different . and flows into the current control loop. But this traditional switch method of controllers will lead to great transient fluctuations at switch momentdue to the difference between outputs of two controllers. In grid-connected mode, the PQ controller outputs a control signal which flows into the current controlloop, while the output of V/f controller is zero. 
Method Based on Controller State Following
Simulation and Analysis
The DIgSILENT Power Factory simulation software is used to develop a time-domain simulation model of the study case of Figure 1 . DGs' parameters, loads' parameters and control parameters of control models are given in Appendix. At initial state when t = 0 -1 s, micro-grid connects with grid. At t = 1 s, disconnection occurs between micro-grid and grid. Micro-grid comes into island mode. Table 1 shows the power flow distribution of micro-grid under grid-connected mode and island mode.
Steady State Process
It can be seen from Table 1 , when micro-grid is in grid-connected mode, Both DGs and the distribution grid offered power to the loads, and the DGs generated rated power. The active power produced by DG sonly can't meet the demand of loads, so the rest part was supplied by the grid. The grid delivered 0.5 MW active power to the micro-grid, the extra 0.5 Mvar reactive power produced by DG was transmitted to the grid through the connection. At this moment, the grid worked to keep the power balance in the micro-grid and maintain the stability of voltage and frequency of micro-grid. After the operation mode switched into the island mode, micro-grid and the grid were disconnected, and there was no longer any power exchange between the grid and micro-grid. The control mode of battery inverter was changed from PQ control to V/f control to adjust the active and reactive power output as the goal to keep the grid voltage and frequency stabile. Then the active power output of the battery increased from 2 MW to 2.5 MW, reactive power declined from 0.5 Mvar to zero. Meanwhile, micro-grid still kept its balance state of power.
The simulation result of power flow in micro-grid is the same with or without the proposed control method of smooth switchover, and the method based on the controller state following has no impact on the steady process of micro-grid.
Transient Process
The comparison of power output curves of PV and battery before and after the control method improvement are shown in Figure 6 and Figure 7 . In order to see the frequency change clearly, the abscissa was shorten scope in the graph to amplify the curve for better observation. It is shown in Figure 6 and Figure 7 , before the improvement, the fluctuation of output power of PV and battery is more severe than after, especially at the mode switch moment. After taking the smooth switch control method based on controller state following, the power output of DGs change less, but the steady-state power remains the same in island mode. The improvement suppresses the transient fluctuation during switching process which may lead to negative effect on the equipment in the micro-grid. There is a close connection between DG power fluctuations and the fluctuation of micro-grid voltage and frequency, therefore the improvement of control method also has a good effect on the improvement of the stability of voltage and frequency.
The comparison of micro-grid voltage and frequency curves before and after the control method improvement are shown in Figure 8 .
From Figure 8 it can be seen that, before the improvement of control method, there appeared transient fluctuations of both voltage and frequency in the micro-grid, the maximum voltage range is more than 15%, the frequency range is up to 4%. After a short wave, the inverter of the battery takes V/f control to stabilize the voltage and frequency, and adjust the active reactive power output to keep balance of power within the micro-grid. When comes into steady state of island operation, micro-grid voltage and frequency are back to normal. Therefore, although there is a certain power deficiency, the grid still has the ability to keep stable voltage and frequency after island. However the fluctuations of voltage and frequency are too bigger to pose a threat to the safety of equipment within the micro-grid, and will affect the stable operation of the micro-grid. After the improvement, the smooth switch control method based on controller state following reduces the voltage and frequency fluctuations. the lowest point of voltage and frequency are picked up. The maximum scope of voltage fluctuation is reduced from 15% to about 2%, while the maximum frequency fluctuations is reduced from 4% to less than 1%. This leads to great improvement on the transient process of micro-grid significantly. In addition, the duration of frequency fluctuation is reduced after the improvement, and this is helpful to the transient stability of the micro grid.
Conclusions
This paper proposed a new control strategy for smooth switchover of micro-grid based on controller state following. By analysis of simulation results, conclusions are given as follows:
1) V/f control of battery has ability to keep steady voltage and frequency of micro-grid in island mode, but traditional way of switchover of controllers has negative influence on stability of micro-grid during switchover process.
2) Micro-grid smooth switchover method based on controller state following can smooth active and reactive output of DGs at switch moment and enhance stability of voltage and frequency of micro-grid.
3) The proposed method can effectively suppress the transient fluctuation of voltage and frequency, and reduce the transient time to diminish impact on micro-grid and improve its stability and reliability. 4) Micro-grid smooth switchover method based on controller state following has no influence on steady state process of micro-grid.
